A convenient method for aerobic aromatization of 1,3,5-triarylpyrazolines to the corresponding pyrazoles by simply heating in dimethyl sulfoxide (DMSO) in an open atmosphere without catalyst is reported.
Introduction
1,3,5-Triarylpyrazoles have attracted considerable interest because of their vast biological activities, including their estrogenic, 1 analgesic, 2 antimicrobial, 3 anti-inflammatory, 4 hypoglycemic, 5 anti-hypertensive 6 and anti-cancer 7 activity. Such pyrazoles have also recently been used as scaffolds for design of phosphine-based transition metal ligands 8 and as fluorescent probes for cellular biochemistry. 9 Given such interest, various methods have been reported for the synthesis of these triarylpyrazoles. One of the most common routes to these compounds involves oxidative aromatization of the corresponding pyrazolines (4,5-dihydropyrazoles), since these are readily obtained by reaction of a chalcone with a hydrazine derivative. 10 Reagents used for this aromatization are diverse and have included manganese dioxide, 5 lead tetraacetate, 11 mercury oxide, 12 potassium permanganate, 13 various nitrates, [14] [15] [16] 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ), 17 hypervalent iodine reagents, 18 calcium hypochlorite, 19 Nbromosuccinimide, 20 iodic acid, 21 trichloroisocyanuric acid, 22 a 1,3,4-triazole-3,5-dione, 23 hydrogen peroxide/NaI or oxalic acid/NaI, 24 and a DABCO-Br 2 complex. 25 As a more unusual reagent, human hemoglobin in the presence of hydrogen peroxide has also been used. 26 More attractive, however, is the prospect of oxidizing pyrazolines with elemental oxygen rather than traditional chemical reagents. Such aerobic aromatization has the potential benefit of being more chemoselective, more cost effective and more environmentally friendly. To date, a few different synthetic procedures for aromatization of 1,3,5,-triarylpyrazolines under an atmosphere of pure oxygen have been described. These methods employ either hydrogen tetrachloroaurate, 27 N-hydroxyphthalimide/Co(OAc) 2 , 28 or activated carbon as catalyst, 29 while another is performed without catalyst. 30 As an alternative to the use of pure oxygen, a few methods have also been reported that use a more convenient open air method for the aerobic oxidation. One of these methods employs a rather large amount of a Pd/C catalyst (20 weight %), with heating in acetic acid. 30 While operationally convenient, the cost and disposal of the catalyst, the use of acetic acid (a respiratory hazard), and the potential for side reactions when using Pd, such as dehalogenation, 31 make this method less than optimal. Another open air method employs FeCl 3 (10%) as catalyst, but still uses acetic acid as solvent. 32 As an alternative to acetic acid, dimethyl sulfoxide (DMSO), a less hazardous solvent, has also recently been employed. Thus, Kadu 33 has described the open air aromatization of some 1,4-diaroyl substituted pyrazolines by microwave heating in DMSO using iodine as promoter, while Lokhande and co-workers 34 have described the aromatization of some phenol-substituted triarylpyrazolines to the pyrazoles by conventional heating in DMSO using CuCl 2 as catalyst. However, since the pyrazolines employed in these reports were uniquely substituted, especially the N-aroylpyrazolines used by Kadu, and specialized microwave heating is used in the other method, the full scope and utility of these open air methods using DMSO remains to be shown. The microwave method also still employs a rather large amount of the CuCl 2 catalyst (20 mole%). Thus, further development of aerobic aromatization methods using DMSO as solvent is warranted. About 15 years ago now, Huang and Katzenellenbogen 35 noted the isolation of a single 1,3,5-triarylpyrazole by reaction of a chalcone with phenyl hydrazine in open air using DMSO as solvent. Although this reaction typically yields the pyrazoline when performed in various other solvents, the use of DMSO as solvent led to in situ oxidation/aromatization of the initially formed pyrazoline to the pyrazole. Importantly, there was no catalyst employed in the reaction. These authors, however, did not further develop this chemistry as a well-defined method for aromatization of 1,3,5-triarylpyrazolines. Likely because of this, and the fact that the aromatization occurred in situ, their observation has not been referenced in any of the numerous reports related to the topic since then. Thus, with this little known precedent in mind, we set out to further explore and standardize the aromatization of 1,3,5-triarylpyrazolines by simple heating in DMSO. As a result, we now wish to describe a very practical aromatization procedure that involves simply heating the 1,3,5-triarylpyrazoline in DMSO at about 110 °C for 24-48 hours in open air and without catalyst to give the corresponding pyrazole in good to excellent yield following purification.
Results and Discussion
The method we explored involved heating the pyrazoline in DMSO at 110 o C in an open atmosphere ( Table 1 ). The reaction progress was monitored by TLC, which showed that aromatization proceeded at a relatively slow rate. Nonetheless, by heating for ~24-48 hr, we were able to observe complete conversion for a number of pyrazolines containing substituents on the 3-and/or 5-phenyl rings. Crude pyrazoles were isolated by adding water to the reaction mixture to precipitate the solid product. Chromatography was then used to remove a trace of a green or orange polar byproduct, possibly the N-oxide or derivative thereof, 30 and to give the pure pyrazoles in good yield. Recrystallization from hexanes or EtOH gave analytical samples with sharp melting points, which compared well to literature data when known. Known products were also confirmed by 1 H NMR data. Novel products were characterized by 1 H and 13 C NMR, IR, mass spectrometry and combustion analyses. Reaction times, yields and physical data are given in Table 1 . As noted in the Satisfied with the operational simplicity of the method, we made no attempts to decrease the reaction time by raising the reaction temperature or by blowing air through the reaction, which has been done with other DMSO oxidations. 36 Regarding the identity of the oxidant for this reaction, the development of a faint smell of what appeared to be dimethyl sulfide suggests that DMSO is being reduced in the reaction, and is thus the oxidant. However, as no aromatization took place when the reaction was conducted under a nitrogen atmosphere, oxygen is clearly involved in the reaction. These observations are consistent with those described for the DMSO oxidation of benzyl alcohols to benzaldehydes, which also produced dimethyl sulfide, yet only proceeded when a stream of air, or t-butyl peroxide, was included in the reaction.
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Conclusions
A simple and efficient oxidative aromatization of 1,3,5-triarylpyrazolines has been described that involves simple heating of the pyrazoline in DMSO in open air. Although the method requires heating up to 48 hr, it is a "greener" method as it avoids the use of heavy metal reagents and catalysts, strong oxidants, acidic reagents, and toxic solvents. This method thus compares favorably to some of the other aromatization methods that are currently employed, such as reaction with DDQ in refluxing benzene for 16 hrs. 17 This method also does not require the use of pure oxygen, which may not be readily available to all chemists, nor does it require microwave heating. Finally, this method may be particularly useful when stronger oxidants must be avoided due to the presence of other oxidizable groups within the pyrazoline substrate.
Experimental Section
General. Melting points were recorded using a Mel-Temp capillary melting point apparatus and are uncorrected. IR spectra were obtained using a Perkin Elmer Spectrum 100 instrument using attenuated total reflection (ATR). NMR were recorded on a Bruker 300 Avance instrument with signals referenced to residual DMSO-d 6 solvent (2.49 ppm for 1 H-NMR, 39.5 ppm for 13 C-NMR). Gas chromatograpy and mass spectrometry were performed on a Shimadzu GCMS-QP5000. Elemental analyses were performed by Atlantic Microlab in Norcross, GA. TLC were performed on silica gel plates with hexanes:ethyl acetate (20:1) as eluent. Silica gel (230-400 mesh) was used for column chromatography. DMSO (ACS grade) was obtained from Fisher Scientific and used as received. Starting pyrazolines were prepared according to a general procedure.
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General procedure for aromatization of 1,3,5-triarylpyrazolines (Entries 1-10, Table 1 ). The 1,3,5-triarylpyrazoline (6 mmol) was dissolved in DMSO (10 mL) in a round-bottomed flask and the solution was heated in an oil bath maintained at ~110 °C with stirring (the flask was
fitted with an open 30 cm condenser which was removed periodically to monitor the reaction by TLC). Once the starting material was consumed (time given in Table 1 ), the darkened solution was transferred to an Erlenmeyer flask with the addition of 20-30 mL of water to produce a green to orange solid. The solid was separated from the liquid by filtering or decanting and was dissolved in EtOAc. The solution was washed with water several times, dried over Na 2 SO 4 and concentrated onto silica gel. The product was chromatographed using hexanes or hexanes:EtOAc (20:1) as eluent to yield the pure pyrazole as a solid (yields given in Table 1 ). Recrystallization from hexanes or EtOH gave analytical samples with mp and appearance listed in Table 1 
